ABSTRACT Male and female emus are nearly identical both as chicks and as adults. Although morphological differences of the internal genital tract can be used to distinguish the sexes, a high degree of diagnostic skill is required for accurate sexing. DNA-based sexing methods are highly accurate and can be used to diagnose sex without requiring a high degree of technical skill. However, conventional PCR-RFLP is time consuming and costly, requiring the digestion of PCR products. In this study, we simplified the protocol for sexing the emu by using multiplex PCR without restriction enzyme treatment. Multiplex PCR based on a W-specific primer, with the commonly designed primer set on both Z and W chromosomes, amplified both 197-bp and 272-bp bands in the female, and only the 272-bp band in the male. Sexing results obtained in this way were completely concordant with results obtained using the conventional PCR-RFLP method. Thus, we succeeded in simplifying the protocol for sexing the emu, and suggest that our protocol improves production efficiency by facilitating rapid pairing and selection of individuals to establish high-quality pedigrees.
INTRODUCTION
The emu (Dromaius novaehollandiae) is a ratite native to Australia. The emu is expected to become a useful poultry animal in Japan soon, producing oils, meat, and eggs (Minner and Minner, 1997; Menon et al., 2013; Yokohama, 2014; Yokohama and Ide, 2014; . However, genetic improvement of productive traits in the emu has yet to be explored in Japan. The accurate sexing of emu chicks is essential for the success of plans to establish high-quality pedigrees. In general, the sex of emu chicks is identified by observing the internal genital tract (Minner and Minner, 1997) , because the appearances of male and female emus are nearly identical in both young and adult life stages. However, this method requires a high degree of diagnostic skill, and frequently leads to diagnostic errors on Japanese emu farms. DNA-based sexing methods have become increasingly effective at identifying emu sex with greater accuracy. Avian sexes are determined by Z and W chromosomes. The presence of homogametic Z/Z or heterogametic Z/W chromosomes leads to masculinization or feminization, respectively (Ellegren, 1996; Fridolfsson et al., 1998; Griffiths et al., 1998; Ogawa et al., 1998) . Thus far, various molecular methods have been developed to identify sex in birds (Morinha et al., 2012; Morinha et al., 2013; Wan et al., 2016) . The chromohelicase-DNA binding protein encoding gene (CHD), for instance, is a useful marker for sexing many nonratite avian species (Kloet, 2001) . Kloet (2001) first developed the molecular method for sexing the emu, and designated the diagnostic marker loci ESEXZ and ESEXW. ESEXZ and ESEXW can be distinguished by PCR-RFLP using BglII based on sequence differences identified by Kloet (2001) . Sexing in Japanese farmed emu populations is conducted according to this protocol (Okubo et al., 2015) . Although sexing by PCR-RFLP is highly accurate, BglII treatment requires much incubation time and incurs great costs when large numbers of individuals must be processed.
In this study, we simplified the protocol of ESEXbased sexing by excluding the restriction enzyme treatment process and by using multiplex PCR with a W-specific oligonucleotide primer. 
MATERIALS AND METHODS
All procedures involving animals met the guidelines described in "The Proper Conduct of Animal Experiments," proposed by the Science Council of Japan, and were approved by the Ethical Care and Use of Animals Committee at the Tokyo University of Agriculture (approval number: 270,049).
We collected feather samples from 100 chicks hatched in 2016 at Okhotsk Emu Land in Abashiri, Hokkaido, Japan. Genomic DNA was extracted from collected feathers using Isogenome (Nippon Gene, Tokyo, Japan). Sexing via PCR-RFLP analysis using BglII (New England Bio Labs, Ipswich, MA) on the ESEX gene was carried out according to previously described methods (Kloet, 2001; Okubo et al., 2015) . Additionally, we designed an ESEXW-specific EF9.5 primer based on differences in the sequences of ESEXW (AF286901) and ESEXZ (AF286902; Figure 1 ). We performed multiplex PCR using EF9.5 (5 -GAT CTT GAA AAT AAA CCC AGA AAA TTT C-3 ) with conventional EF9 and ER10 oligonucleotide primers (Kloet, 2001 ). DNA samples from the 100 individuals were amplified using KAPA2G Fast PCR Kit (Kapa Biosystems, Woburn, MA) according to the protocol stipulated by the manufacturer. PCR was conducted at 95
• C for 2 min, followed by 35 cycles of 94
• C for 30 s, 60
• C for 30 s, and 72
• C for 10 s, and PCR products were separated on a 4% agarose gel. Sample sex was determined based on the presence of either an ESEXZ-derived 272-bp DNA fragment only (male), or of both ESEXWderived 197-bp and ESEXZ-derived 272-bp bands (female).
RESULTS AND DISCUSSION
We aligned the DNA sequences of ESEXZ and ES-EXW and found 3 sites at which nucleotides differed between them (Figure 1) . To determine the sex of the test samples, we first sexed 24 emus using conventional PCR-RFLP analysis. Undigested PCR products were detected in 9 of the 24 individuals, identifying these 9 individuals as male, as PCR-RFLP analysis identifies sex by measuring the presence or absence of digested PCR products derived from ESEXW (Figure 2A) . The other 15 individuals each generated 2 digested fragments in addition to intact PCR products, indicating that they were female (Figure 2A ). We used these samples to verify the accuracy of our simplified protocol. Multiplex PCR detected a 272-bp band in all samples, and a shorter 197-bp band derived from ES-EXW in 15 of the 24 individuals ( Figure 2B ). To further verify the accuracy of our protocol, we tested consistency between conventional and simplified protocols in the remaining 76 individuals sampled and achieved completely identical results. These results demonstrate that our simplified multiplex PCR protocol accurately reflects sexing results generated by conventional PCR-RFLP.
Next, we evaluated the advantage of our simplified method regarding expense and time required over the conventional methods. The simplified method required neither restriction enzymes nor long incubation time for the digestion of PCR products. When the expense and time would be 1 for PCR-RFLP, the expense and time for our simplified method were 0.78 and 0.17, respectively. Therefore, our simplified method could achieve a reduction of 22 and 83% in expense and time, respectively. Consequently, we succeeded in developing a simplified protocol for rapid and inexpensive sexing in the emu.
Few sex differences in emu productive traits are known. The egg is a female-specific product, and the subcutaneous adipose tissue from which oil is derived is more abundant in males than in females (Yokohama, 2014) . Furthermore, although emus engage in various breeding systems, including monogamy, polygamy, and polyandry, previous studies suggest the existence of chemistry between sexes involved in reproductive behavior, which affects the egg-laying rate (Yokohama and Ide, 2014) . Therefore, the rapid and accurate sexing of farmed emus is important because it facilitates efficient breeding management and production of animal products as well as mating tests for identifying good pairs for efficient egg and chick production.
A simple genetic sexing protocol is important because it minimizes diagnostic errors, especially in the case of large numbers of individuals. Using conventional PCR-RFLP with BglII, we sexed more than 800 chicks hatched at Okhotsk Emu Land from 2013 to 2015. Whereas the sexing of so many individuals using the conventional method required much time and incurred great cost, the simplified protocol enables us to sex emus rapidly and at low cost. For the genetic improvement of the productive traits of the emu, easy and accurate sex determination is the first step in the selection of excellent male and female individuals for mating. Furthermore, artificial insemination, which would be an effective strategy in emu breeding, requires accurate sexing for the selection of male and females. Thus, our simplified sexing protocol may indirectly contribute to the establishment of high-quality pedigrees via rapid and accurate sexing on Japanese emu farms.
